According to the Ministry of Agriculture, Livestock and Supply, apple juice is defined as "an unfermented and undiluted drink obtained from the edible part of the apple (Malus domestica B.) through appropriate technological processes" (Brasil, 2009 ).
Common adulteration of apple juice involves the addition of water, sucrose, bagasse extract, or cheaper juices. Besides compromising the proof of authenticity, this also has an effect on the sensory properties and nutritional value of the apple products (Wu et al., 2007; Wosiacki et al., 2007) . The major carbohydrates found in apple juice are the sugars sucrose, D-glucose, and D-fructose and the polyol, D-sorbitol (Wosiacki et al., 2007; Hecke et al., 2006) . Several methods have been used for the determination of sugars in fruit and fruit juices, including spectrophotometry (Llamas et al., 2011; Rodriguez-Saona et al., 2001) , capillary electrophoresis (Soga & Serwe, 2000) , and gas chromatography (GC) (Villamiel et al., 1998; Cerdán-Calero, 2012) . Although gas chromatography is a separation method with high sensitivity, it requires time-consuming derivative stages, often using toxic agents in the process. Moreover, high temperatures are required for analysis (Chinnici et al., 2005) .
Due to its simplicity, accuracy, and ease of sample preparation (involving only dilution and filtration stages as pre-treatment of the sample), high performance liquid chromatography (HPLC) has become popular because it provides a rapid quantitative separation of the main sugars in fruit juices (Chinnici et al., 2005; Lima et al., 2010) .
In recent years, several researchers have emphasized the use of the HPLC technique for its high precision and analytical selectivity for the evaluation of diverse food components owing to its ability to determine and quantify these components in many different foods. Among the components determined using HPLC are carbohydrates (Chávez-Servín et al., 2004; Muir et al., 2009 ), organic acids (Chinnici et al., 2005 Lima et al., 2010) , lipids (Puoci et al., 2008) , vitamins (Speek et al., 1986; Rodriguez et al., 2012) , colorants (Vidotti, et al., 2006; Ma et al., 2006) , amino acids and peptides (Zhang et al., 2010; Garai-Ibade et al., 2012) , mycotoxins (Kawashima & Soares, maintained at 80 °C and the detector at 50 °C. Sample detection was performed by comparing retention times standards.
Method validation

Selectivity
The refractive index detector (RI) was used to identify the compounds in Fuji Suprema and Lis Gala apple juice samples harvested at different ripening stages. The chromatographic results were evaluated based of retention time and resolution for each analyte and compared with the retention time standards of sucrose (4.0 mg mL ).
Linearity
Linearity was established by triplicate injections of seven (7) . The calibration curve for each sugar was obtained by plotting the concentration of compound versus the area of the respective peaks.
Limit of detection (LOD) and limit of quantification (LOQ)
The limit of detection (LOD) and the limit of quantification (LOQ) were determined by a method based on analytic curve parameters, according to Equation 1 (Agência Nacional de Vigilância Sanitária, 2003) :
where: SD: standard deviation of the response; S: slope of the analytical curve.
Precision
The repeatability of the method was assessed by determining the coefficient of variation (CV%) of the areas obtained from the injection of seven (7) replicates of the standard solutions (sucrose, 4.0 mg mL -1 , D-glucose, 2.0 mg mL -1 , D-fructose, 5.0 mg mL -1 and D-sorbitol, 0.4 mg mL -1 ) and of the juices added to this mixture, respectively. In the evaluation of intermediate precision, three (3) replicates were used over three non-consecutive days (Agência Nacional de Vigilância Sanitária, 2003) . D-fructose, and D-sorbitol in apple juice and to evaluate the ripening stages of the apples of the Fuji Suprema and Lis Gala cultivars.
Materials and methods
Materials
Ultra-purified water (type 1) obtained from Millipore® Milli-Q Integral® system (Millipore, São Paulo, Brazil) was used in all the experiments. The standards, sucrose, D-glucose, D-sorbitol, all with a purity exceeding 99.0%, were purchased from Sigma Aldrich (Steinheim, Germany), and D-fructose was purchased from Merck (Darmstadt, Germany). A Waters Sugar Pak TM chromatographic column 1 (300 × 6.5 mm i.d.) was used in the analyses.
Samples
Samples of Fuji Suprema and Lis Gala apples, 2012 harvest season, were collected from the Caçador Agricultural Research and Rural Extension Company of Santa Catarina (EPAGRI, Santa Catarina, Brazil) at three different ripening stages (preripe, ripe, and senescent), with about 20 kg of samples for each stage and each cultivar. The maturation index was determined by Lugol's starch test (Llorente et al., 2012) .
Apple juice processing
The fruits were selected, cleaned, and then pureed using a food processor (Metvisa, Brusque SC, Brazil). The mashed fruit was wrapped in plastic sheets (with pre-punched holes) overlapping the layers and was subjected to a pressure of 3 kgf cm -2 for 5 minutes (Eureka Hydraulic press, Hoppe Ind. Ltd., São Paulo SP, Brazil). The juice was treated with pectinase (Pectinex® Ultra Clear, Novozymes, Araucária PR, Brazil) at a rate of 3 mL hL -1 (45 °C, 2 h) (Wosiacki et al., 1989) , and after pectinase sedimentation, the juice was poured into containers and frozen
Sample preparation
Samples of juice at different ripening stages were diluted 1:10 (v/v) (Chinnici et al., 2005) with Milli-Q water (type 1) and then filtered through a 0.22 µm filter membrane (Waters, Milford, MA, USA). An aliquot of 1.5 mL of these solutions was placed in vials for the analysis.
Equipment and operating conditions
The chromatographic system coupled to the refractive index detector (HPLC-RI) was equipped with a quaternary pump (Waters 2695 Alliance, Milford MA, USA), degasser, auto injector, and Waters RI 2414 refractive index detector (Milford MA, USA), and the chromatographic data were acquired using the Empower® 2 software. The samples obtained as described above were analyzed using an ion exchange column under isocratic condition with type 1 water (Milli-Q Integral®, Millipore®, São Paulo SP, Brazil). The injection volume was 10 µL and the flow rate was 0.5 mL min The results obtained for the method validation are shown in Tables 1, 2 , and 3. Linearity and range of application of the method were measured by determining the calibration curve by the linear models of sucrose, D-glucose, D-fructose, and D-sorbitol, respectively.
The coefficients of variation (CV%) of the calibration standards (n = 7) for intra-day precision (repeatability) and inter-day (intermediate) precision ranged from 0.62 to 1.91% and between 0.29 and 2.87%, respectively (Table 2) . Lima et al. (2010) found repeatability values below the maximum acceptable limits for the validation of chromatographic methods. Likewise, the Brazilian legislation that deals with the validation of analytical and bioanalytical methods establishes that CV% values less than 5 are acceptable (Agência Nacional de Vigilância Sanitária, 2003). Tyagi et al. (2011) concluded that the sugars found in commercial juices also showed stability on different days of analysis with low coefficients of variation. , respectively, for all of the sugars studied.
The lowest levels of recovery of the sugars sucrose and D-fructose were observed in the juices containing the lowest concentration of the standards added for both Lis Gala and Fuji Suprema apples, respectively. The lowest level of recovery of D-sorbitol was found for the lowest concentration of the standard added to the juice of Fuji Suprema apples. The lowest level of recovery with the addition of the highest concentration of standard to the juices of both cultivars was observed only for D-glucose (Table 3 ). According to Ribani et al. (2004) , dispersion of results increases with the decrease in the concentration of the standard added to the samples. All the results found in the present study are within the acceptable limits established by Brazilian legislation for the validation of chromatographic methods (Agência Nacional de Vigilância Sanitária, 2003). The same developed method was used to determine the sugars evaluated in the samples of the two apple cultivars
Data analysis
Linear models were used to evaluate the sugar standard calibration curves. The lack of fit and statistical significance of the regression equation were determined by analysis of variance (ANOVA), considering the model that showed no lack of fit (p ≥ 0.05) and statistical significance level (p < 0.05). Homoscedasticity was determined by the Brown-Forsythe test (p ≥ 0.05), and normality (data and residuals of models) was determined by the Shapiro-Wilk´s test. The results of the experimental procedures were evaluated by ANOVA, followed by Tukey's test. All statistical analyses were performed using STATISTICA 8.0 (Statsoft Inc., Tulsa OK, USA).
Results and discussion
The development and optimization of chromatographic separation of the different sugars present in the apple juice, with an appropriate time frame for analysis using water as the mobile phase, proved efficient. Using water as the mobile phase for the separation of sugars is inexpensive and obviously non-toxic, and it did not generate toxic waste in the analysis.
The selectivity of the compounds examined (Figure 1 ) was determined by the correlation of the retention times (t r ) obtained for the standard sugars and compared with the chromatographic bands of these compounds in the samples, which showed highresolution separations of the compounds. in sucrose concentration, there was also an increase in the relative proportionality of the sugars during ripening. The D-fructose level also increased during ripening but decreased proportionally in relation to the other sugars. Several studies have shown that levels of sucrose, D-glucose, and D-fructose increase with advanced ripening of fruits (Wu et al., 2007) . As for the the levels of sugar in the juice, it was also possible to observe that in the pre-ripening period of the Fuji Suprema cultivar, the apples already had levels of 50, 86, 83, and 32% of sucrose, D-glucose, D-fructose, and D-sorbitol, respectively, considering the concentration of juice of senescent apples to be 100%. The same behaviour was observed for the Lis Gala cultivar, which showed 50, 62, 90, and 82% of sugars, respectively, in the preobtained at three different ripening stages. The results of the levels of sugars in the depectinized apple juice of Fuji Suprem and Lis Gala are shown in Table 4 . Hecke et al. (2006) determined the sugar content of 18 different cultivars of apples, and, like Zhang et al. (2010) , they found that the major sugars present in apples are sucrose and D-fructose, corroborating the results determined in the present study.
The chromatographic analyses enabled us to establish that at all ripening stages of both apple cultivars, the highest concentration of sugars was found for D-fructose and sucrose. It was also found that in addition to an increase et al., 1999) . According to Zhang et al. (2010) , the accumulation of sugars occurs throughout the development of the fruit and continues until the time of harvest. During growth and fruit maturation period, the starch degrades (considered to be a form of temporary storage of sugars) into soluble sugars, acids, and parietal components accompanied by a high accumulation of water. Finally, during the last period of slow growth, intensive metabolic changes occur concomitantly with maturation. The last two periods of growth are therefore crucial for the final accumulation of sugar in the fruit. From a physiological standpoint, the concentration of sugars in fruits is a result of several interrelated physiological processes, such as fluxes of carbon and water entering the fruit (Duque et al., 1999; Prudent et al., 2011) .
Conclusion
The method developed using HPLC-RI proved a fast and efficient method for quantification of sugars (sucrose, D-glucose, D-fructose, and D-sorbitol) present in apple juice. Sample preparation was simple, requiring only dilution and filtration before injection, and the mobile phase (water) used generated small amount of nontoxic residues. All parameters of the validation steps (sensitivity, linearity, precision, and accuracy) were in accordance with Brazilian legislation. The use of this method to evaluate the sugars present in samples of apples at different ripening stages showed that the increase in sugars in juice takes place with with raw material ripening, and more than 70% of total sugars were already present in the juice of fruits processed at the pre-ripe stage. 
